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Table 1 Parameters of 2—5th Virial term in VPL equation of state

type value type value type value type value type value

b, -1.76358 b, —57.48673 c, 0.04845 d, -0.71993 e, -17.56250
b, -2.22513 b, 0.14818 Ciy =-12.27360 d,, -8.50898 e, -4.58881
b, —2.66841 b,, —1305.43710 Cia 0.05856 d,, —-0.01212 e, 18.27770
b, -0.75632 c -1.14019 Cis -43.70161 d, —-15.88648 e -8.71393
b 3.37443 c, -3.12627 Cio 0.04603 dy, —-7.38927 e, 0.05914
b, —0.38402 c, —2.43735 c, —=215.78612 d, =1.40048 [ -0.88679
b, 1.08068 c, —-0.83587 d, —2.35225 ds -1.31933 €, 1.328E-7
b, —2.22385 [ 5.18488 d, —-3.78631 dyg -0.87972 e, 0.00612
b, —-0.81853 [eA —-0.66549 d, —2.49397 d,, 3.52562 e, —-17.37990
b,, =1.56972 c, 1.80678 d, -1.23009 dyg -0.99915 e, 0.01819
b, 0.05199 Cy —2.44981 d; 2.23154 dyy 5.25646 e, —5.24886
b,, 0.10393 G, -0.21886 d, -1.09693 d,, =-1.55510 e, 0.00104
b,, —-191.46520 Cio -6.32838 d, 2.20097 e, -1.57831 e —66.58590
b,, 0.06510 (e 0.00992 d, —3.78632 e, -12.25167

Note: b, c, d , e_ are fitting coefficients of the dimensionless virial coefficient-temperature relationship for second, third, fourth, and fifth orders, respectively.
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Table 2

Calibration results of molecular potential parame-

ters and correction term parameters of VPL equation of state

) e/kg b, MAPE
species /K Jembomol” /% ref.
H, 25.4 57.11 1.248 [12]

) 97.6 75.38 1.035 [12]
co, 164.4 105.33 1.157 [12-13]
co 96.4 98.12 0.965 [12,14]
NO 134.8 76.96 1.248 [15]

N, 83.9 96.28 0.671 [16]

CH, 145.3 84.25 1.184 [12-13]

Note: &/k, and b, are parameters of Exp-6 potential.
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Table 3 The parameters of WCP equation of state

B @D( VO)DZJ BOLBJ

species ?Og-cm;‘p” /OGKPa B’y r0[22i ¥ /J.g’W.K’Z
Cu 8.930 9.068 142.1074 5.05 1.98 321 1.08x107°
Ag 10.490 10.675 116.0718 5.21 2.41 231 6.00x107°
Pb 11.340 11.642 49.8341 4.86 2.74 87 1.45%107°
Ni 8.875 8.979 192.6397 4.76 1.83 450 1.21x107*

Note: p,, Iy, @D(VO) , B, are the density, Gruneisen coefficient, Debye
temperature, and electron specific heat of metals at room temperature

and atmospheric pressure; p,,, B, and B’ are the density, bulk

0K, 0K

moduli, and the first-order partial derivative of the B, with respect to

pressure of metals at zero temperature and atmospheric pressure.
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Table 4 Parameter calibration results of JWL equation of state of the detonation products of RHT-901

parameters p,/ g-cm™ A/ GPa B/ GPa

R

S

E, / Mbar

2

value 1.705 297.3745 1.34495

3.3345895

0.6589378 0.3 0.0950146

Note: p, is loading density of RHT-901; A, B, R,, R,, w, E are JWL equation of state parameters of RHT-901.
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Fig.5 Simulation geometric structure model of the standard
cylinder test of RHT-901
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Fig.6 Comparison between simulation and experimental val-
ues of cylindrical wall velocity history in Standard cylinder
test of RHT-901
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Table 5
values of cylindrical wall velocity in =20 ws in standard cyl-
inder test of RHT-901

Comparison between simulation and experimental

type reference Uy / mes™ relative error / %
exp results [26] 1676 0

VPL this study 1661 —-0.895

VLW [4] 1711 2.088

BKW [4] 1861 11.038
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Table 6 Comparison between calculated and experimental
values of detonation velocity and detonation CJ pressure of
lead azide(3.571 g-cm™)

type exp results>'] cal results relative error / %
D 4726 m-s' 4807 m-s”' 1.714
Pg 17.12 GPa 17.78 GPa 3.855
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Table 7 Calculation results of detonation CJ parameters and JWL state equation parameters of detonation products for CuN,,,,,

parameters po/gcm™ D/m-s' P, /GPa A/GPa

B/ GPa R R, ®

E, / Mbar

1

value 2.215 5640 15.36 179.11568

1.10224

3.319194 0.6540107 0.19 0.083062

Note: p,, D, P are loading density, detonation velocity, and detonation CJ pressure of CuN
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Table 8 Material constitutive model and equation of state

parameters of flyer

[32]

type exp results sim results relative error / %

T 2483 m-s™' 2459 m-s” -0.967

type exp results'*? sim results relative error / %
verage 2483 m-s”' 2459 m-s” -0.967
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A Novel Equation of State for Detonation Products and Its Application in Predicting the Detonation
Performance of Explosives

PENG Yue, ZHANG Lei, XIE Ming-wei, MA Hong-liang, YUAN Xiao-xia
(Shaanxi Applied Physic-Chemistry Research Institute , State Key Laboratory of Transient Chemical Effects and Control s Xi’an 710061, China)

Abstract: For accurately describe the thermodynamic relationship of detonation products under high temperature and pressure,
so as to achieve reliable prediction of the detonation performance of CHNO elemental/mixed explosives and energetic metal
salts. In this work, a new equation of state (EOS) : Virial-Peng-Long (VPL) for gaseous detonation products, was established
based on the theoretical calculation of the 2-5th order virial coefficients of Exp-6 potential within a wide dimensionless tempera-
ture range. At the same time, a new EOS for condensed metal products: Wu-Chen-Peng (WCP) EOS, was established by intro-
ducing a more accurate“cold pressing” term, and a “lattice vibration” term which considered the changes in the thermal motion
of metals under high pressure. Then, the VPL EOS was applied to calculate the detonation parameters of some typical CHNO ele-
mental/mixed explosives, and the detonation CJ parameters and driving capacity of some typical energetic metal salts were evalu-
ated using VPL and WCP. By comparing with experimental values, it is shown that the prediction deviation of detonation veloci-
ty of pentaerythritol tetranitrate (PETN) is within £ 2.1%, with a maximum of about 2.5%; The absolute prediction error of the
stable speed of copper cylinder driven by RHT-901 is less than 1%. VPL EOS and WCP EOS in this work can accurately evaluate
the detonation performance of energetic metal salts. The relative error of detonation CJ parameters calculation for lead azide is
within 4%, and the absolute value of relative error in predicting the speed of copper azide driven flyer is within 1%.

Key words: explosion chemistry; equation of state for detonation products;energetic metal salts; detonation performance; virial
coefficients
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In order to improve the reliability for calculation results of the detonation performance of CHNO elemental/mixed explosives and

energetic metal salts. In this work, a novel virial equation of state (EOS) : Virial-Peng-Long (VPL) for gaseous detonation

products, was established based on the 2-5th order virial coefficients of Exp-6 potential. Meanwhile, a novel trinomial EOS for

condensed metal products: Wu-Chen-Peng (WCP) EOS, was established by a "lattice vibration" term with a universal Debye

temperature specific volume function.
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